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ABSTRACT 
The control system was used to suppress vibration chatter from machining process. 
Dynamic and mathematically model had derived from the one degree of freedom (1-
DOF) for the cutting tool. Control system that been used in this project was passive 
system and active system. The passive system used to show the instability system 
and active system had been introduces to control the system. The PID (proportional-
integral-derivative) was been used in this project.. To complete the active system, 
linear actuator had been used to counter the vibration occur. The simulation had been 
run using MATLAB/SIMIJLINK software. Comparative study had been done 
between passive and active control system. From comparative study, PID showed an 
effectiveness result that suppresses vibration during machining process. PID 
produced small error compare to passive system (uncontrolled system). PID control 
was found suitable in control system for machining.
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ABSTRAK 
Satu sistem kawalan telah digunakan untuk mengurangkan getaran dari proses 
pemesinan. Model dinamik dan model matematik telah diperolehi daripada satu 
drjah kebebasan (1-DOF) bagi alat pemotongan. Sistem kawalan yang digunakan 
dalam projek mi adalah sistem pasif dan sistem aktif. Sistem pasif yang digunakan 
untuk menunjukkan ketidakstabilan system dan sistem aktif telah memperkenalkan 
untuk mengawal getaran yang berlaku pada sistem mi. PID (proporsional-integral-
derivatif) telah digunakan dalam projek mi. Untuk melengkapkan sistem aktif, linear 
actuator telah digunakan untuk melawan getaran yang berlaku. Simulasi telah 
dijalankan menggunakan perisian MATLAB / Simulink S. Kajian perbandingan 
telah dilakukan di antara sistem kawalan pasif dan aktif. Hasil daripada perbandingan 
yang dijalankan, PID menunjukkan hasil keberkesanan dengan mengurangkan 
getaran yang berlaku semasa proses pemesinan. PID hanya menghasilkan getaran 
yang kecil berbanding dengan sistem pasif (sistem yang tidak terkawal). Kawalan 
PID telah didapati sesuai digunakan sebagai sistem kawalan bagi pemesinan.
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CHAPTER 1 
INTRODUCTION 
1.1 GENERAL BACKGROUND 
1.1.1 Machining 
Conventional machining is a form of subtractive manufacturing, in which a 
collection of material-working processes utilizing power-driven machine tools, such 
as saws, lathes, milling machines, and drill presses. Machining process is used with a 
sharp cutting tool to physically remove material to achieve a desired geometry. 
Machining is a part of the manufacture of many metal products, but it can also be 
used on materials such as wood, plastic, ceramic, and composites. In modern day, 
machining is carried out by computer numerical control (CNC). Computers are used 
to control the movement and operation of mills, lathes, and a variety of other cutting 
machines. 
The precise in machining has evolved over the past two centuries as 
technology has advanced. During the Machine Age, it referred to the traditional 
machining processes, such as turning, boring, drilling, milling, broaching, sawing, 
shaping, reaming, tapping and grinding.
The three principal machining processes are classified as turning, drilling and 
milling. Other operations falling into miscellaneous categories include shaping, 
planing, boring, broaching and sawing. 
Turning operations are operations that rotate the workpiece as the primary 
method of moving metal against the cutting tool. Lathes are the principal machine 
tool used in turning. In turning, a cutting tool with a single cutting edge is used to 
remove material from a rotating workpiece to generate a cylindrical shape. The speed 
motion in turning is provided by the rotating workpart, and the feed motion is 
achieved by the cutting tool moving slowly in a direction parallel to the axis of 
rotation of the workpiece. 
Milling operations are operations in which the cutting tool rotates to bring 
cutting edge to bear against the workpiece. Milling machines are the principal 
machine tool used in milling. A rotating tool with multiple cutting edges is moved 
slowly relative to the material to generate a plane or straight surface. The direction of 
the feed motion is perpendicular to the tool's axis of rotation. The speed motion is 
provided by the rotating milling cutter. The two basic forms of milling are: 
i. Peripheral milling 
ii. Face milling 
Drilling operations are operations in which holes are produced or refined by 
bringing a rotating cutter with cutting edges at the lower extremity into contact with 
the workpiece. Drilling operations are done primarily in drill presses but sometimes 
on lathes or mills. Drilling is used to create a round hole. It is accomplished by a 
rotating tool that is typically has two or four cutting edges. The tool is fed in a 
direction parallel to its axis of rotation into the workpart to form the round hole
A finished product would meet the specifications set out for that workpiece 
by engineering drawings or blueprints. For example, a workpiece may be required to 
have a specific outside diameter. A lathe is a machine tool that can be used to create 
that diameter by rotating a metal workpiece, so that a cutting tool can cut metal 
away, creating a smooth, round surface matching the required diameter and surface 
finish.
Machining requires attention to many details for a workpiece to meet the 
specifications set out in the engineering drawings or blueprints. Besides the obvious 
problems related to correct dimensions, there is the problem of achieving the correct 
surface finish or surface smoothness on the workpiece. The inferior finish found on 
the machined surface of a workpiece may be caused by incorrect clamping, a dull 
tool, or inappropriate presentation of a tool. Frequently, this poor surface finish, 
known as chatter, is evident by an undulating or irregular finish, and the appearance 
of waves on the machined surfaces of the workpiece. 
1.2 PROBLEM STATEMENT 
The surface finish is the most desired characteristic on machining. In the 
manufacturing process, most of their product needs a precise surface finish and 
accurate cutting. 
(i) There is very hard to manage the machine to get a good surface finish. 
However, a PID controller has an ability to control the chatter occur in the 
milling machine process to get good surface finish. 
(ii) Corrosion may happen when the machining process has disturbance such 
as vibration.
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1.3 OBJECTIVE OF STUDY 
The main objective of the study is to suppress chatter on cutting tool of 
milling machine by using simulation based on active control vibration. 
Besides, the result obtained from technique will be compared to the passive system. 
1.4 SCOPE OF STUDY 
To design a PID controller that can be used to manage the friction during 
machining and also develop a system that can counter the friction and give us the 
good surface finish in the milling machine 
i. Literature review from previous study 
ii. 1-DOF displacement of the milling machine cutting tool. 
iii. Dynamic model and mathematical model of milling machine cutting 
tool. 
iv. Experimental Parameter of turning process from previous study. 
V.	 Run simulation using MATLAB/SIMULINK® software. 
vi. Implement the typical technique PID as controller. 
vii. Evaluate system performance PID control system base on the result 
obtain. 
viii. Comparative study between PID control and uncontrolled system.
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1.5 SIGNIFICANCE OF STUDY 
There are few significances of this study when objectives have been 
achieved. The significance of study is investigated suitable scheme control system 
for milling machine. The scheme control system function to suppress vibration in the 
milling machine. Control system designed implement in the milling cutting tool. The 
parameter used base on milling turning process. 
This study focus on simulation method with simulate control system have 
been design by using MATLAB/SIM1JLINK® software and investigate every type 
of controller suitable for this system. The experiment study can be continuous for 
more real live situation the vibration in milling machine. This study tried improve the 
milling machine performance base on many type of expectation for the accuracy of 
the product and the other. The idea to create the active vibration control system to 
overcome the chatter milling operation by implement controller. This control system 
technology can be commercialized for industrial sector.
CHAPTER 2 
LITERATURE REVIEW 
2.1 INTRODUCTION 
This chapter is more to recognize the basic understanding of knowledge about 
the study. The topics like milling machines, vibration, active vibration control and 
also controller should be familiar for facilitate of investigation. 
The knowledge of milling machine operation and the parameter that related 
and suitable to apply in this project must be studied. Recognize the mathematical 
model of cutting tool by the dynamic model. The method to use for study is 
simulation. So, the controller that will use must be listed, learn and can be adept to 
apply for the next chapter. 
Proportional-integral-derivative (PID) controllers are the controller use for 
this study. Proportional-integral-derivative (PID) controllers have been the most 
popular and the most commonly used industrial controllers in the past years 
(Y.X. Su, et.al, 2005). The method to design, tune, set parameter and software use 
will explain detail in this chapter.
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All mechanical system is subjected to excitations that induce vibration in the 
system. Generally, these vibrations are undesirable (Shiuh-jier huang and ruey-jing 
han, 1995).The vibration occurs on milling process and the application PID 
controller to control the significant machining vibration in the milling machine. The 
machine, tooling and workpiece are a complicated dynamical characteristic that may 
have vibration in certain condition. The vibration occurs can be divided into the type 
which is free vibration, forced vibration and self-excited vibration. 
Free vibration course by impulse transferred to the structure by movement 
rapidly movement of reciprocating masses such as machine table. Besides that, the 
vibration also occurs when we engage the cutting tool to the workpiece. The force 
vibration occurs by a periodic force within the system such as unbalance rotating 
tooling.a new approach to the active dynamic absorber problem was proposed by 
Tewani and Stephens (Stephens, 1989) to control vibration occur. The combination 
of passive element and active element and an absorber mass used to apply a 
controlling force on the main system (Shiuh-jier huang and ruey-jing han, 1995) 
The machine tool will oscillate at the forcing frequency, and if this frequency 
corresponds to one of the natural frequencies of the structure, the machine will 
resonate in the corresponding natural mode of vibration. Self-vibration usually 
occurs from dynamical instability of the cutting process. This phenomenon is called 
machine tool chatter. 
If large tool work engages are attempted, oscillation suddenly built up in the 
structure. By using PID controller, the vibration occurs can be managed and also may 
be countered the by install device such as an actuator. A proportional—integral-
derivative controller (PID controller) is a generic control loop feedback mechanism 
(controller) widely used in industrial control systems.
PID commonly used the controller feedback to operate. Recently, motivated 
by the rapidly developed advanced microelectronics and digital processors, 
conventional PID controllers have gone through a technological evolution, from 
pneumatic controllers via analog electronics to microprocessor via digital circuits (S. 
Bennett, 1993). 
PID controller uses the error values as the differences between process 
variable compare to desirable value. The PID controller is a digital controller, which 
contains a PID control units arrangement, called the derivative of the output. This 
arrangement is often desirable if the reference input contains discontinuities (W. A. 
Wolovich ,1994). Figure. 2.1 shows the feedback control system that applied in PID 
controller. 
The PID controller calculates by three constant parameter such as 
proportional, integral and derivative. Proportional is the proportional to the error at 
the instant which is present error. The integral is proportional to the integral of the 
error up to the instant which can be interpreted as the accumulative of past error. The 
derivative is the proportional to the derivative of the error which can be interpreted 
as a prediction of future error.
Disturbances(s) 
Controller 
Setpoint (SP)
	
output	 Process Variable (PV) 
m CONTROLLER	 PROCESS 
L . 
Figure 2.1: Feedback control system 
Source: Jim Hogenson, 2010
This is important to control vibration on machine tool to avoid result in poor 
surface finish, cutting-edge damage and Irritating noise. Better surface finish is the 
prediction of the performance of the mechanical component. Better surface finishes 
also avoid cracking and corrosion happen to mechanical product. PID controller also 
helps us to manage the friction in the moving component of the machine and 
improve the contouring accuracy in the presence of friction disturbances. 
2.2 MILLING MACHINE 
Rotating machinery is commonly used in mechanical systems, including 
machining tools and industrial turbomachiner, and aircraft gas turbine engines. 
Vibration caused by a mass imbalance is a common problem in rotating machinery. 
A milling machine is widely used in the industry today. Milling machines 
were first invented and developed by Eli Whitney to mass produce interchangeable 
musket parts. Although crude, these machines assisted man in maintaining accuracy 
and uniformity while duplicating parts that could not be manufactured with the use of 
a file. Development and improvements of the milling machine and components 
continued, which resulted in the manufacturing of heavier, arbors and high speed steel 
and carbide cutters. These components allowed the operator to remove metal faster, 
and with more accuracy, than previous machines (Franco, 2007). 
Variations of milling machines were also developed to perform special 
milling operations. During this era, computerized machines have been developed to 
alleviate errors and provide better quality in the finished. In general the milling 
machine removes metal with a revolving cutting tool called a milling cutter. With 
various attachments, milling machines can be used for boring, slotting, circular 
milling dividing, and drilling. This machine can also be used for cutting keyways, 
racks and gears and for fluting taps and reamers.
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Milling machines are basically classified as being horizontal or vertical to 
indicate the axis of the milling machine spindle. This form refers to the orientation of 
the main spindle. In milling machine, the machine needs to hold the workpiece 
stationary. In nearly all cases, a multiple-tooth cutter is used so that the material 
removal rate is high. The predictions of instabilities have been made for full-
immersion and high-immersion milling perations during which regenerative effcts 
are likely to be dominant (Zhao, et.al, 2001). 
These machines are also classified as knee-type, ram-type, manufacturing, 
and planer-type milling machines. Most machines have self-contained electric drive 
motors, coolant systems, variable spindle speeds, and power operated table feeds 
(Franco, 2007). 
Knee-type milling machines are characterized by a vertical adjustable 
worktable resting on a saddle supported by a knee. The knee is a massive casting that 
rides vertically on the milling machine column and can be clamped rigidly to the 
column in a position where the milling head and the milling machine spindle are 
properly adjusted vertically for operation (Franco, 2007). 
The floor-mounted plain horizontal milling machine's column contains the 
drive motor and, gearing and a fixed-position horizontal milling machine spindle. An 
adjustable overhead arm, containing one or more arbor supports projects forward 
from the top of the column. The arm and arbor supports are used to stabilize long 
arbors, upon which the milling cutters are fixed. The arbor supports can be moved 
along the overhead arm to support the arbor wherever support is desired. This 
support will depend on the location of the milling cutter or cutters on the arbor 
(Franco, 2007).
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The knee of the machine rides up or down the column on a rigid track. A 
heavy, vertical positioned screw beneath the knee is used for raising and lowering. 
The saddle rests upon the knee and supports the worktable. The saddle moves in and 
out on a dovetail to control the cross feed of the worktable. The worktable traverses 
to the right or left upon the saddle, feeding the workpiece past the milling cutter. The 
table may be manually controlled (Franco, 2007). 
The bench-type plain horizontal milling machine is a small version of the 
floor-mounted plain horizontal milling machine. It is mounted to a bench or a 
pedestal instead of directly to the floor. The milling machine spindle is horizontal 
and fixed in position. An adjustable overhead arm and support are provided. The 
worktable is generally not power fed on this size machine. The saddle slides on a 
dovetail on the knee providing cross feed adjustment. The knee moves vertically up 
or down the column to position the worktable in relation to the spindle (Franco, 
2007).
The basic difference between a universal horizontal milling machine and a 
plain horizontal milling machine is in the adjustment of the worktable, and in the 
number of attachments and accessories available for performing various special 
milling operations. The universal horizontal milling machine has a worktable that 
can swivel on the saddle with respect to the axis of the milling machine spindle, 
permitting workpieces to be adjusted in relation to the milling cutter (Franco, 2007). 
The universal horizontal milling machine also differs from the plain 
horizontal milling machine. The milling machine spindle is in a swivel cutter head 
mounted on a ram at the top of the column. The ram can be moved in or out to 
provide different positions for milling operations (Franco, 2007) 
The ram-type milling machine is characterized by a spindle mounted to a 
movable housing on the column, permitting positioning the milling cutter forward or 
rearward in a horizontal plane. Two widely used ram-type milling machines are the 
floor-mounted universal milling machine and the swivel cutter head ram-type milling 
machine (Franco, 2007).
2.2.1 Major component in milling machine 
First of all, when doing the machining, the most important part is to know the 
name and purpose of each of the main parts of a milling machine. Column, ram, 
spindle, spindle box, slide carriage and lathe bed are major components of super-
heavy duty CNC floor type boring and milling machine. (Fenghe, 2012). 
This is important to make a machining process become easy and avoid 
dangerous to the user. In milling machine, there are a lot of part but to understand the 
operation of there are some part that must to know and understand each function. 
(Fenghe, 2012). Table 2.2 shows the function and how the major component 
operates.
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Figure 2.2: Major part in milling machine 
Source: Sherline, 1997
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Table 2.1: Major components in milling machine. 
Component	 Applications 
Column The column, including the base, is the main casting which supports all 
other parts of the machine. An oil reservoir and a pump in the column 
keep the spindle lubricated. The column rests on a base that contains a 
coolant reservoir and a pump that can be used when performing any 
machining operation that requires a coolant. 
Knee The knee is the casting that supports the table and the saddle. The feed 
change gearing is enclosed within the knee. It is supported and can be 
adjusted by the elevating screw. The knee is fastened to the column by 
dovetail ways. The lever can be raised or lowered either by hand or 
power feed 
Saddle	 The saddle slides on a horizontal dovetail, parallel to the axis of the 
spindle, on the knee. The swivel table is attached to the saddle and can 
be swiveled approximately 450 in either direction 
Power Feed The power feed mechanism is contained in the knee and controls the 
longitudinal, transverse (in and out) and vertical feeds. The desired 
rate of feed can be obtained on the machine by positioning the feed 
selection levers as indicated on the feed selection plates 
Table The table is the rectangular casting located on top of the saddle. It 
contains several T-slots for fastening the work or work holding 
devices. The table can be moved by hand or by power. To move the 
table by hand, engage and turn the longitudinal hand crank. To move 
it by power, engage the longitudinal directional feed control lever.
